China has 12 taxa of white pines (subgenus Strobus), including species of wide distribution valuable to plantation forestry and species of rare endemics only distantly related to other white pines. The most important forest diseases of these white pines are caused by the blister rust fungi of the genus Cronartium that alternate to telial host species of Ribes and Pedicularis. The most serious infestations have occurred in southwestern China on Pinus armandii and in northeastern China on P. koraiensis. The blister rust pathogen on P. armandii has usually been identified as Cronartium ribicola. Several lines of evidence, however, imply this pathogen on P. armandii is different from a pathogen on P. koraiensis that appears more closely related to C. ribicola in North America, Europe, and other Asian countries. In China, C. ribicola is designated as a quarantine pest. Silvicultural control of blister rust relies on pruning and thinning infected trees, herbicide removal of telial hosts, and chemical treatment of blister rust cankers. Although plantation forestry is important in China, little information is available on the genetics of resistance in Chinese white pines to native blister rust fungi. Challenges and opportunities are identified in forest management and research for disease assessment and control, rust systematics and biology, and genetic interactions in the white pine blister rust pathosystem.
Introduction
White pine blister rust caused by the pathogen Cronartium ribicola J.C. Fisch. in Rabh. infests populations of white pines (Pinus, subgenus Strobus) throughout the world to varying degrees (Geils et al. 2010; Kim et al. 2010; La 2009 ). In North America, all 11 native white pine species are susceptible (Bingham 1972; Hoff et al. 1980; Tomback and Achuff 2010; : Table 1 ). Until the last few decades, Asian species of white pines were generally considered to be highly resistant to blister rust and only rarely infected in either natural stands or forest plantations. Recent reports from China, however, indicate that several species of white pine-particularly Pinus armandii Franch. and P. koraiensis Siebold & Zucc.-are quite susceptible to blister rust and that in some stands >50% of the trees were infected (Saho 1984; Zhao et al. 1991) .
In this review, we summarize information on the taxonomy, distribution, and status of white pines in China. For the blister rust fungi of China, we review and synthesize their history, hosts, distribution, diversity, disease severity, silvicultural management, and genetics. We conclude by identifying the principal challenges and opportunities presented by the white pine blister rust pathosystem to forest management and research in China.
White pines
Twelve Pinus taxa of the subgenus Strobus comprise the white pines native to China (Fu and Hong 2000a; Wang and Hong 2004; Zheng 1983) . As a group, the white pines occur widely across China, although some species have small populations and geographically limited native distributions (Fig. 1) . Several species, however, have considerable populations and distributions that extend across large areas of eastern Asia (see Kim et al. 2010) . Price et al. (1998) assigned one taxa of the Chinese white pines to section Parrya and the remaining to section Strobus of which eight taxa are in the subsection Strobi and three taxa are in the subsection Cembrae. Pinus squamata Li is only distantly related to the other pines of section Parrya which also includes the North American Balfouriana (foxtail pines) and Cembroides (pinyon pines) (Gernandt et al. 2005; Syring et al. 2007 ). The Chinese Strobi pines are closely related to P. strobus L. and many other white pines of western North America. The native Strobi pines of China are P. armandii var. armandii, P. armandii var. mastersiana (Hayata) Hayata, P. dabeshanensis Cheng & Law, P. fenzeliana Handel-Mazzetti, P. kwangtungensis Chen (here segregated from P. fenzeliana), P. morrisonicola Hayata, P. wallichiana A.B. Jackson, and P. wangii Hu & Cheng. The native Chinese Cembrae (stone pines) are P. koraiensis, P. pumila Regel, and P. sibirica Du Tour; other stone pines occur in Europe and North America.
The white pines of China include species of value for economic commodities and ecosystem services and rare species of special conservation concern. P. armandii and P. koraiensis are the most widely distributed (Fig. 1 ) and important white pine species in eastern Asia. P. armandii occurs in 14 provinces of southwestern China. It ranges from subtropical to temperate regions at elevations from 1000 to 3300 m. This Chinese white pine is widely planted for forestry, landscaping, and erosion control. P. koraiensis occurs in northeastern China, Korea, Japan, and the Russian Far East; it ranges in elevation from 150 to 1800 m. This stone pine is a major forestry species planted in China and other regions of northeastern Asia. Only 32 individuals of P. squamata are known to exist in natural forests . The IUCN Red List rates P. squamata as critically endangered, P. wangii as endangered, and P. dabeshanensis as vulnerable (International Union for Conservation of Nature, 2007).
Although many species of fungi and insects are considered forest pests in China, significant tree losses and resource impacts are attributed to only a few of these (Chen et al. 2007; Wang and Hong 2004) . The most damaging insect is Dendroctonus armandi Tsai & Li. which occurs in western and central China and typically attacks P. armandii. In the Qinling Mountains of Shaanxi province, this bark beetle causes extensive mortality to trees over 30 years old (Chen et al. 2007 ). The important pine diseases include blister and gall rusts caused by fungi of the genus Cronartium. The most prevalent and damaging rusts occur on the five most common white pines, namely P. armandii, P. koraiensis, P. wallichiana, P. pumila, and P. sibirica. Blister rust susceptibility and severity for the other Chinese white pines are poorly known.
Cronartium rusts of pine
The stem rust diseases on Chinese pines are simply described as white pine blister rust, pine blister rust, and Asian pine gall rust. The taxonomy and biology of the Cronartium rust fungi that cause these diseases, however, are unresolved, complex, and confused. Blister rust of the pines in subgenus Strobus has been principally attributed to C. ribicola, but a different pathogen has been implicated as causing blister rust on P. armandii. Other rust fungi infect Chinese pines of the subgenus Pinus (Tong 1979; Li and Ren 1984; Liu and Teng 1986; Xue et al. 1995 Xue et al. , 1995 Song 2003) . Cronartium flaccidum (Alb. & Schwein.) G. Winter (pine blister rust) has a Eurasian distribution, broad ranges of aecial and telial hosts, and macrocyclic or microcyclic forms (Kim 2009 ). In China, pine blister rust occurs on P. densiflora Siebold & Zucc., P. massoniana Lamb., P. sylvestris L., P. tabuliformis Carrière, and P. taiwanensis Hayata. (Shao and Ju 1979; Ju et al. 1984; Shi 1984; Jing et al. 1985; Jing and Wang 1988a; b) . Cronartium orientale Kaneko refers to the Asian pine gall rust segregated by Kaneko (2000) from C. quercuum (Berk.) Miyabe ex Shirai (endemic to North America). In China, the Asian pine gall rust occurs on native and introduced pines, including-Pinus banksiana Lamb., P. densiflora, P. densiflora subsp. takahasii (Nakai) Silba, P. echinata Mill., P. elliottii Engelm., P. massoniana, P. nigra Arnold, P. sylvestris, P. tabuliformis, P. taiwanensis, P. virginiana Mill., and P. yunnanensis Franch. (Shao and Ju 1979; Xue et al. 1988 Xue et al. , 1990a . The Asian pine gall rust alternates to telial hosts in the genus Quercus (oaks).
White pine blister rust history and hosts
The oldest report of C. ribicola in China (known to us) is a collection from 1900 on Ribes that is deposited in the herbarium of the New York Botanic Garden (Clinton 1919) . In 1934, Hashioka made a collection of Cronartium uredinia and telia from Ribes formosanum Hayata at Mountain XinÕgao, Taiwan (Hiratsuka 1979) . In 1940, Hiratsuka collected telia of C. ribicola from R. manshuricum (Maxim.) Kom. at XiaoxingÕan Mountain, Heilongjiang province (Hiratsuka 1941 (Hiratsuka , 1979 Tai 1979) .
The telial hosts of C. ribicola now reported for China include species in the genus Ribes (family Grossulariaceae) and the genus Pedicularis (family Orobanchaceae). The Chinese flora has 59 species and 30 varieties of Ribes (Fu and Hong 2000b) and 352 species, 109 subspecies, and 41 varieties of Pedicularis (Fu and Hong 2000c) . Although additional species of Ribes and Pedicularis likely serve as telial hosts, only eight species of Ribes and three species of Pedicularis are reported. The telial hosts associated with the blister rust pathogen of P. armandii are Ribes glaciale Wall., R. tenue Jancz., R. giraldii Jancz., and R. takare D. Don (Li et al. 2007a; Yang 2003; Yang and Jin 1991) . The confirmed telial hosts of C. ribicola associated with P. koraiensis in China are R. manshuricum, R. nigrum L., R. pauciflorum Turcz. ex Ledeb., Pedicularis resupinata L., Pe. spicata Pall., and Pe. verticillata L. (Research group of pine blister rust, Heilongjiang 1979; Shao 1980; Shi 1985 Shi , 1991 .
White pine blister rusts occur in China throughout the distributions of P. armandii, P. koraiensis, P. pumila, P. sibirica, and P. wallichiana ( Fig. 1 ). Blister rust fungi have been found on P. armandii in southern China (Tibet, Yunnan, and Sichuan) and in central China (Chongqing, Hubei, Henan, Shanxi, Shaanxi, and Gausu). The stone pines of northern China infected by C. ribicola are P. koraiensis (Heilongjiang, Jilin, and Liaoning), P. pumila (Heilongjiang and Jilin), and P. sibirica (Xinjiang). A white pine blister rust referred to as C. ribicola occurs on P. wallichiana (Yunnan and Tibet).
Blister rust is a severely damaging disease of white pines in natural forests and plantations in two distant regions of China. In southwestern China (Shaanxi, Sichuan, Yunnan, and Tibet), blister rust is a problem principally on P. armandii but also on P. wallichiana (Zhan 1979) . Two thousand kilometres to the northeast (Heilongjiang, Jilin, and Liaoning), blister rust seriously impacts the forestry of P. koraiensis (Research group of pine blister rust, Heilongjiang 1979).
Since 1982, blister rust has damaged >50% of P. armandii trees in some areas (Zhao et al. 1991) . Infestations have occurred in the Qinling Mountains (Shaanxi) and in Sichuan province (Jing et al. 1986; Yang and Jin 1991; Zhao et al. 1991) . In Yunnan province, approximately 6000 ha of P. armandii forest were infested; rust incidence was typically 10% of trees infected but >75% in some stands (Feng 2001) . Approximately 10% of infected trees died from blister rust (Yang and Zhou 1998) . Incidence rates were higher in plantations than in natural stands, in plantations of single species than plantations of mixed species, and higher on sites with greater telial host density (Jia et al. 2000; Wang et al. 1996; Yang et al. 1996; Zhao et al. 1991) .
In 1956, an infestation of C. ribicola was discovered on P. koraiensis in Liaoning province (Research group of pine blister rust, Heilongjiang 1979). The rust incidence increased from 8% in 1956 to 25% in 1959 to 60% in 1975; eventually, 40% of infected trees died (Saho 1984) . Twenty years later, C. ribicola was prevalent in most plantations of P. koraiensis in Heilongjiang, Liaoning, and Jilin provinces (Fig. 2) . Total incidence in five sampled stands was 40% (48% maximum) (Research group of pine blister rust, Heilongjiang 1979).
The geographic origin and genetic diversity of the white pine blister rust fungi in China are unknown. The apparently recent increase in blister rust incidence and difference in behaviour may be explained by two hypotheses: (1) an exotic invasive pathogen was introduced (Hiratsuka 1995a; Cheng et al. 1997 Cheng et al. , 1998b ; and (2) a native pathogen escaped notice until it emerged as a serious problem with the advent of plantation forestry or some other environmental change in the climate or vegetation.
Cronartium diversity in China

Stem rusts of pine
Comparisons of DNA from the recognized species of Cronartium in China provide a useful reference for examining the diversity of the blister rust fungi on white pines. Cheng et al. (1998a) used random amplified polymorphic DNA (RAPD) to assess genetic differentiation among Chinese isolates identified as C. ribicola, C. flaccidum, and C. quercuum (= C. orientale). Although intraspecific variation was present, the rust fungi clearly segregated into distinct groups conforming with the traditional taxonomy. Genetic relatedness between C. ribicola and C. flaccidum was closer than that between C. quercuum and either of the other two. These observations were consistent with expectations based on disease type (blister rust or gall rust) and telial host range (Pedicularis common to C. ribicola and C. flaccidum or Quercus). Hou (2002) and Hei et al. (2003) sequenced internal transcribed space (ITS) regions of Chinese isolates identified as C. ribicola, C. flaccidum, and C. quercuum (= C. orientale) and constructed phylogenetic trees using these sequences and other sequences from GenBank. The resulting phylogenetic trees consistently showed four distinct Chinese clades -one each for C. flaccidum and C. quercuum and two for C. ribicola (discussed below). The Chinese isolates of C. flaccidum and C. quercuum clustered together with respective reference sequences from GenBank and supported previous results using isozyme and RAPD analyses (Cheng et al. 1997 (Cheng et al. , 1998a .
Blister rusts of white pine
Data on host range, aeciospore morphology, proteins, and DNA indicate the Cronartium that infects P. armandii in southern China and the Cronartium that infects P. koraiensis in northeastern China form different populations. Whether the differences are sufficient for these pathogens to be recognized as biotypes (races or special forms) or as taxa (varieties, subspecies, or species) has not been resolved. Cronartium isolated from P. armandii can only alternate to species of Ribes (Li et al. 2007a; Yang 2003; Yang and Jin 1991) , whereas the Cronartium from P. koraiensis can alternate to species of either Ribes or Pedicularis (Research group of pine blister rust, Heilongjiang 1979; Shao 1980; Shi 1985 Shi , 1991 . Based on this host specialization, Yang and Jin (1991) proposed C. ribicola f. sp. ribicola as the name of the rust on P. armandii; but this designation is not widely accepted. Li et al. (2007b) compared aeciospores from infected P. armandii collected in Yunnan, Sichuan, and Shanxi provinces with aeciospores from infected P. koraiensis collected in Liaoning province. The distance separating the farthest samples from P. armandii was 1000 km; another 1000 km separated infected P. armandii from the nearest infected P. koraiensis. Aeciospores of the rust on P. armandii were significantly larger than those collected on P. koraiensis. The warts on aeciospores from P. armandii were wider at the base than the top, whereas the warts on aeciospores from P. koraiensis were uniform in width at the base and the top. Cheng et al. (1997 Cheng et al. ( , 1998b ) found similar isozyme patterns for all the Cronartium isolates they collected from P. koraiensis in northeastern China. This expression of limited genetic variation suggested there was a high degree of genetic homogeneity within the pathogen population on P. koraiensis. This similarity could have been caused by a founder effect as result of either recent introduction or emergence from a population bottleneck.
The ITS sequences and phylogenic trees constructed by Hou (2002) and Hei et al. (2003) consistently supported the Cronartium clade from P. armandii (Sichuan) as distantly related to the clade from P. koraiensis (Liaoning). Compared with reference sequences from GenBank, the Cronartium from P. armandii formed an isolated clade more closely related to a C. flaccidum clade than a C. ribicola clade, whereas the Cronartium from P. koraiensis grouped together with references sequences of C. ribicola (also see Richardson et al. 2010 ; Fig 1) . Li et al. (2008) used random amplified microsatellite (RAMS) markers to assess genetic diversity in seven Cronartium populations-three infesting P. armandii in southwestern China and four infesting P. koraiensis in northeastern China. The genetic diversity among populations from different host species and regions was higher than that from the same host species and region. Dendrogram analysis based on NeiÕs genetic distance showed that the Cronartium on P. armandii formed an isolated branch from the Cronartium on P. koraiensis. High genetic distance value between the two groups indicated significant heterogeneity in the Chinese Cronartium and implied the Cronartium on P. armandii was different from C. ribicola.
Management
Quarantine and silviculture
Cronartium ribicola is a quarantine pest in China, therefore import or export of blister rustinfected nursery stock is prohibited (Zeng 1988; Asia Pacific Seed Association, 2007) . Song (1988) conducted a risk assessment and defined four quarantine zones based on the distributions of C. ribicola and susceptible white pines and the positions of May and September 20°C isotherms. These quarantine zones are identified by host species and province as: (1) P. sibirica in Xinjiang; (2) P. koraiensis in Heilongjiang, Jilin, and Liaoning; (3) P. armandii in Shaanxi, Gansu, Sichuan, Hubei; and (4) P. armandii in Yunnan. Quarantine restricts transfer of seedlings outside of these areas and thus should limit the movement of blister rust fungi (and their genes) into regions where they might become invasive.
A variety of silvicultural measures have been evaluated at the levels of individual trees and plantations for blister rust control in China (also see Ostry et al. 2010; Zeglen et al. 2010) . Investigations have examined use of: (1) pruning and thinning infected pines; (2) herbicides on telial hosts (Research group of pine blister rust, Heilongjiang 1979); (3) fungicides on cankers (Ju et al. 1984 ; Research group of pine blister rust, Heilongjiang 1979; Wang 1984; Wang et al. 1996; Yang et al. 1997; Zhong et al. 1990 ); (4) laser irradiation of cankers (Wei et al. 1982) ; and (5) biological control (Chen et al. 2006; Ma et al. 2002; Yang and Zhou 1998; Yang et al. 2005) . Although all these techniques have shown some effectiveness, laser irradiation, and biological control have only been assessed on limited scales. Sanitation pruning, herbicide eradication of telial hosts, and chemical treatment of cankers are routinely used to reduce damage in Chinese white pine plantations; but few data are available to quantify their long-term efficacy in China. Herbicides and chemical treatments are rarely used in North America (Zeglen et al. 2010) .
Efforts at widespread eradication of invasive pathogens impacting valuable forest plantations have meet with mixed success. In South Korea, a long-term, country-wide programme of sanitation and Pedicularis control reduced blister rust incidence throughout the country La 2009 ). In North America, Ribes eradication for blister rust control was a large programme continued for many decades (Geils et al. 2010) . Although removing Ribes bushes within control areas reduced blister rust infection locally and temporarily, mechanical and chemical eradication of Ribes at a landscape-level was unsustainable and discontinued. In China, various silvicultural techniques have reduced blister rust impacts in treated plantations, but these activities have not eliminated blister rust from the country. Cronartium ribicola is a permanent resident of many white pine forests in China; continued vigilance and persistence with quarantines and silviculture management can contribute to the protection of white pine resources.
Genetics
A long-term approach for reducing blister rust impacts in China would be to increase the frequency of genetically inherited resistance in populations of white pines at risk. Whether white pines are naturally regenerated in native stands or artificially propagated for plantations, an understanding of genetics and tree improvement would complement silvicultural management. There is evidence in the Asian white pines for resistance to native blister rust fungi, but most genetic studies that included Asian species have been conducted in Europe or North America with isolates of C. ribicola found there (see King et al. 2010) . The diversity of blister rust pathosystems and different environments occurring in China complicate genetics research and its application.
Several observations on Cronartium-P. armandii interactions provide clues to escape, tolerance, and resistance in this pathosystem. Meng et al. (2006) examined needles of P. armandii exposed by artificial inoculation to blister rust basidiospores. Needles that putatively escaped infection always had thicker keratose membranes and epidermal cell walls than needles that became infected. Some P. armandii trees in Sichuan province appear to tolerate large basal cankers (R. Sniezko, pers. comm.) . A hypersensitive needle reaction similar to the R-gene resistance response of other white pines developed in P. armandii and P. morrisonicola inoculated with North American isolates of C. ribicola (Hoff and McDonald 1975; Lu et al. 2005; Sniezko et al. 2008 ).
Little information is available for most Asian white pines on their genetic resistance to native blister rust fungi. No field trials have been conducted in China to assess species or family-level differences in resistance, and trials in other counties have not used inoculum from China. The few studies conducted outside of China have provided much of what is known about resistance in the Asian white pines (Hoff et al. 1980; McDonald and Hoff 1971) . Although Asian white pines challenged with C. ribicola from North America or Europe showed high levels of resistance, many Chinese plantations have been severely infested. This difference in behaviour may be explained by three possibilities: (1) gene-by-environment interactions; (2) presence in China of virulent or aggressive pathogens; or (3) planting on sites environmentally favourable for severe infestation (high hazard). Genetic resistance in Chinese white pines to endemic blister rust fungi, however, should be expected since resistance occurs in the North American white pine only recently exposed to the introduced C. ribicola (Bingham 1983; Kinloch 2003) . The distribution and diversity of white pines and blister rust fungi in China suggest there could be significant regional variations in population genetics, mechanisms of resistance, and rust hazard.
Challenges and opportunities
Forest management in China is challenged with the infestation and mortality of diverse native white pines by several blister rust fungi. Historically, blister rust was not a concern in native stands; but recent losses in plantations of P. armandii and P. koraiensis were sufficient to require silvicultural intervention. An assessment of blister rust impacts, review of strategies, and further development of methods could help align silvicultural practice with management objectives and constraints. Although blister rusts on P. armandii and on P. koraiensis have both been attributed to C. ribicola, differences between the fungi on these hosts appear to be significant. Research on Cronartium phylogeny, systematics, and genetics could provide a foundation for managing white pine blister rust pathosystems. Programmes in other countries have advanced an understanding of resistance to blister rust; but little is known about the resistance of Chinese white pines to native blister rust fungi. Basic and applied research on the distribution, mechanisms, and inheritance of resistance could support Chinese forestry with information and improved planting stock useful for regenerating natural stands and establishing plantations.
Forest management
Plantations of white pines in China have required labour-intensive treatments of sanitation and eradication to protect trees and reduce infection rates. As forest plantations are established in the future, continued planting of white pine and reliance on silviculture present several risks. One option would be to abandon white pine forestry on some sites. Although this may be a practical alternative to planting on high hazard sites, blister rust left unmanaged would threaten native populations and species. Furthermore, white pines are often the best adapted species for many sites; and replacement species have their own liabilities (Harvey et al. 2008; Schwandt et al. 2010) . Global climate change and unusual weather add to the uncertainty of managing Chinese white pine forests and plantations.
Several management and research activities could help determine effective strategies for white pine forestry in China. Quantitative assessments could be prepared on the economic and ecological impacts and risks from blister rust by region, host, and policy alternative. Rust hazard could be projected for potential planting sites. Further development and evaluation of silvicultural techniques, especially chemical and biological controls, could be conducted. To better track infestations and treatment effectiveness, monitoring procedures could be established.
Systematics and pathology
Several concerns arise from the diversity of white pine blister rust pathosystems in China. A pathogen introduced to a new region or country might display novel virulence or increased aggressiveness compared with an endemic or naturalized pathogen. Little is known about the pathogenicity and epidemiology of blister rust fungi on the Chinese white pine species that are rare, have apparently escaped infestation, or display variation in resistance.
Studies into the evolution and biology of the Chinese Cronartium infecting white pines could provide useful information for assessing their likely behaviour on various hosts and in different regions. Priority research could be conducted to elucidate the taxonomy of the pathogen on P. armandii and to compare the morphology, ecology, and molecular biology of the blister rust fungi on P. pumila, P. sibirica, and P. wallichiana with those on P. armandii and P. koraiensis. DNA analyses and cross-inoculations using isolates from geographically distant sources could be performed to obtain information on rust biogeography, genetic variation, and gene-by-environment interactions. This information would serve to reinforce current quarantines, provide data for refining quarantine measures, and provide insights useful for advancing resistance programmes in various countries.
Genetic resistance
The co-evolutionary interactions of the Cronartium rust fungi and their hosts are important dynamics affecting the long-term future of white pine populations in China. Although little information is available from Chinese studies on the genetics of blister rust resistance, the concepts, techniques, and results of work in other counties are available (King et al. 2010; Richardson et al. 2010) . In Canada and the United States, enhancing and deploying genetic resistance are key elements in their national strategies for mitigating the impacts of white pine blister rust. China and several other Asian counties share in common several white pine species and blister rust fungi. International scientific collaboration provides numerous mutual benefits.
Studies could be conducted on the distribution, mechanisms, and inheritance of resistance in Chinese white pines. A genetic survey of white pines with samples collected across the distributions of each species could provide baseline data on the frequencies and spatial patterns of resistance traits associated with different Cronartium rust fungi.
A complementary study in China to test resistant families from North American breeding programs as well as other species from Europe and Asia using blister rust variants from China would be very useful. Such a test could provide an early alert on the potential damage these variants could inflict elsewhere and potential information on the possible evolutionary potential of current variants of blister rust pathogen in North American and Europe. A first attempt at such a test was unsuccessful due to logistical constraints (R. Sniezko, pers. comm.) , but there are no technical barriers preventing such investigation.
The various white pines could be inoculated with blister rust fungi to identify resistance traits (interaction phenotypes) and determine their inheritance. Candidate white pine could be screened for resistance and other adaptive traits and placed in field trials to assess their long-term performance. Investigations could characterize the molecular biology of putative R genes in the host and corresponding virulence genes in the pathogen. This basic research and its application would provide better adapted planting stock and useful information for managing white pine genetic resources. Given the capabilities of Chinese forestry research and management and the accompanying diversity of hosts and pathogens, investigations conducted in China would contribute much to test and refine ideas on resistance and virulence in white pine blister rust pathosystems.
